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Percentage viability of A. saligna and A. cyclops seed banks was determined for stands cleared of mature plants for 
different time intervals. Seedling emergence following recent clearing was monitored for a year at one site of each 
species. Percentage viability of A. saligna seed banks was uniformly high and was not affected by age since clearing. 
Percentage dormancy in A. saligna was high since few seedlings emerged in the field (1 % of viable seed bank), but 
after fire, 70% of the remaining viable seed bank germinated. Percentage viability of A. cyclops seed banks differed 
significantly among sites, with the proportion of viable seeds in the soil increasing significantly with age since clearing 
at one site. Percentage germination and viability of fresh A. cyclops seeds also differed significantly among sites. 
Although seedling emergence in A. cyclops (9% of viable seed bank) exceeded that in A. saligna, pre-emergence 
mortality was implicated as the more important process in A. cyclops seed bank decline. In order to markedly reduce 
seed banks, it is recommended that A. saligna stands should be burnt and A. cyclops stands cleared in any way which 
removes the vegetation cover. 
Die persentasie kiemkragtigheid van A. saligna- en A. cyclops-saad in die grond is bepaal vir stande waarvan die 
volgroeide plante op verskillende tydsintervalle verwyder is. Die verskyning van kiemplante na die vorige ontbosting, 
is vir' n peri ode van 'n jaar op een perseel vir elk van die spesies aangeteken. Die persentasie kiemkragtigheid van A. 
saligna-saad in die grond was deurgaans hoog en was nie deur ouderdom, sedert die vorige ontbosting be'invloed nie. 
Die persentasie rustende saad by A. saligna was baie hoog aangesien slegs enkele kiemplante in die veld hul 
verskyning gemaak het (1 % van die kiemkragtige saad), maar na 'n brand, het 70% van die oorblywende kiemkrag-
tige saad in die grond ontkiem. Die persentasie kiemkragtigheid van A. cyclops-saad in die grond het aansienlik van 
perseel tot perseel verskil, met 'n toename in die verhouding kiemkragtige saad met verloop van tyd na ontbosting. Die 
persentasie ontkieming en kiemkragtigheid van vars A. cyclops-saad het ook aansienlik van een perseel na die ander 
verskil. Alhoewel die verskyning van saailinge by A. cyclops (9% van kiemkragtige saad) in die grond die van A. 
saligna oortref, word geimpliseer dat die afsterf van kiemplante voor dit bo die grond verskyn, as die belangrikste 
oorsaak vir die afname van A. cyclops-saad in die grond is. Ten einde die saadvoorraad in die grond aanmerklik te 
verlaag, word daar aanbeveel dat A. saligna-stande gebrand word en A. cyclops-stande ontbos word op so 'n wyse 
dat die plantbedekking verwyder word. 
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Introduction 
The alien invasive species, A. saligna (Labill.) Wendl. and 
A. cyclops A. Cunn. ex G. Don, were introduced into 
South Africa from Australia in the mid-nineteenth century 
(Shaughnessy 1980). These two species accumulate large 
seed banks in the soil which pose a major obstacle to their 
successful control (Holmes et al. 1987b). Viability of fresh 
seed of A. saligna and A. cyclops usually exceeds 90% 
(Jones 1963; Jeffery et al. 1988) but little is known of the 
effects of storage time in the soil. Acacia seeds typically 
have a 'hard' water-impermeable seed-coat, which enables 
them to remain dormant in the soil for extended periods, in 
some cases up to 50 years (Cavanagh 1980). Seed viability 
and dormancy are major determinants of seed persistence 
in the soil (Harper 1977). Knowledge of these may allow an 
evaluation of the effectiveness of stand-clearing treatments 
in reducing populations of alien acacias. This paper reports 
on percentage viability of seed banks in areas cleared of A. 
saligna and A. cyclops for different periods and seedling 
emergence in recently cleared stands. 
Methods 
Acacia saligna and A. cyclops seed bank viability was deter-
mined at nine different sites throughout the Cape (Table 
1), while seedling emergence after clearing was monitored 
at two of the sites (viz. Schustersrivier and Buffels Bay). 
Each site provided areas which had been cleared in dif-
ferent years of dense, mature Acacia, using a particular 
treatment (either felling, burning or a combination of both; 
Holmes et al. 1987b) and regularly weeded of re-establish-
ing acacias. In each different area, seeds were extracted 
from 20-25 random soil cores (15 cm deep by 5 cm dia-
meter). 
Seeds were sieved from the cores, surface-sterilized by 
washing in a 3,5% sodium hypochlorite solution, and seed-
coat impermeability broken by micropylar chipping 
(McDowell & Moll 1981). From each area, three replicates 
of 50 seeds each were placed on moist filter paper in cover-
ed petri dishes and incubated in a growth chamber at 
20-25°C with a 12-h photoperiod of 470 fLEinsteins m -2 s-[ 
from fluorescent tubes. Seed viability was taken to be the 
proportion of germinated seeds (as determined by I-mm 
radical extension) after 2 weeks germination. All non-
viable seeds rotted within a 2-week period. Because of high 
inter-site variation in the viability of A. cyclops seed banks, 
fresh seeds of this species were harvested and tested for 
spontaneous germination and viability. Five replicates of 
25 seeds each were prepared as above and allowed to ger-
minate over a period of 4 weeks, before chipping them to 
determine their percentage viability. 
Seedling emergence of A. saligna and A. cyclops was 
monitored over a year following the felling and clearing of 
two separate stands in July 1985 at Cape Point. Seedlings 
were counted at 2-monthly intervals in five randomly lo-
cated, permanent plots (0,25 m2 and 0,5 m2 for A. saligna 
and A. cyclops, respectively). Seedlings were tagged in 
order to monitor emergence and mortality, and the number 
of seedlings with mature leaves (i.e. phyllodes, which deve-
lop from 8 weeks) was also monitored. 
Differences in percentage germination and viability 
among sites were analyzed by generalized linear models 
(GUM; Baker & Neider 1978). Null models with binomial 
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Table 1 Location and description of study sites 
Indigenous Acacia Stand age 
vegetation species before clearing 
Site Location Geology community 1 studied (years) 
1 Penhill Cape Flats Deep recent Sand plain fynbos A. saligna 30 
33°59'S sands 
18°43'E 
2 Grootphisante- Durbanville Clays on Renosterveld A . saligna 25 
kraal 33°48'S malmesbury shale 
18°41 'E 
3 Schustersrivier CGHNR2 Deep recent Mountain A. saligna 25 
34°12'S sands fynbos 
18°24'E 
4 Silvermine Muizenberg Shallow sand Mesic mountain A . saligna 25 
Nature Reserve WOS'S over fynbos 
18°27'E sandstone 
5 Cape Flats Cape Flats Deep recent Strandveld/sand A . saligna 50 
Nature Reserve 33°56'S sands plain fynbos 
18°37'E mosaic 
6 Goukamma Sedgefield Deep recent Dune fynbosl A. cyclops 45 
Nature Reserve south Cape sands kaffrarian thicket 
34°03'S mosaic 
22°57 'E 
7 Buffels Bay CGHNR Deep recent Strandveld A. cyclops 80 
34°19'S sands 
18~7'E 
8 Rondevlei Cape Flats Deep recent Strandveld A. cyclops 35 
Nature Reserve 34°03'S sands 
18°29'E 
9 Walker Bay Hermanus Deep recent Strandveld A. cyclops 40 
Forest Reserve 34~S'S sands 
19~4'E 
1 Sensu Moll el al. 1984 
2Cape of Good Hope Nature Reserve 
Table 2 Mean percentage viability of A. saligna and A. cyclops seed banks (± S.E.) before and after different stand-
clearing treatments 
Years elapsed since clearing 
Before 
Site Species treatment Treatment 2 3 4 6 8 12 
A. saligna 94,01 felled 97,01 100,0 
±O,O 
2 A . saligna 95 ,4 felled 96,0 
±1,4 ±1 ,2 
3 A . saligna 98,0 felled 1002 
1,1 
4 A. saligna 97,3 felled & 96,7 96,OZ 
±1,3 burnt ±1 ,5 
5 A. saligna 98,7 felled & 86,21 95,3 
±0,9 burnt ±2,1 ±1,7 
6 A. cyclops 64,0 felled 30,7 54,0 72,0 80,7 94,7 
±3,9 ±3,8 ±4,1 ±4,5 ±3,2 ±1 ,8 
7 A . cyclops 46,0 felled 53,OZ 60,7 
±4,1 4,0 




9 A. cyclops 95,3 burnt 85Y 
±1,7 
1 Data from Milton & Hall 1981 
2Insufficient seed available for replication (n = 1 batch of 50 seeds) . In all other cases n = 3 batches of 50 seeds 
3Insufficient seeds for testing 
The logistic model fitted to the site 6 seed viability data against time was: log [1T/(l-1T)] = -1 ,147 + 0,3321, where 1T = probability of a viable seed 
and 1 > 1 year. Percentage seed viability increased significantly with time elapsed since clearing (X2 = 20,91; P < 0,00(1) 
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errors and logit functions were fitted to the data, then para-
meters were added to account for the effects of site and 
replication . Overall significance of effects was established 
by examining reductions in deviance (distributed as Chi-
square) relative to those of the null models. Where the 
overall effect of site was significant, differences between 
sites were further compared by fitting models which 
allowed for certain sites to be the same. The best fitting 
model was selected using the Chi-squared goodness of fit 
statistic, the model being accepted if deviance < X2 df' 
(P = 0,05). A logistic regression model was used to test the 
effect of time on percentage seed viability at one site 
(Goukamma). 
Results 
Viability of A. sa ligna seed banks ranged from 86,2% to 
100% with no significant differences (P> 0,05) between 
sites, clearing treatments or ages since clearing (Table 2). 
Viability of A. cyclops seed banks varied significantly be-
tween sites before treatment (P < 0,01, range 46,(}"'95,3%; 
Table 2). No clearing effect was determined (between site 
\ 
Table 3 Percentage germination and viability (Mean ± 






% germination at 
4-weeks 
20,0 ± 4 ,2 
8,0 ± 2,8 
15,2 ± 3,7 
2,4 ± 1,6 
Overall effect of site 
X23 = 25 ,16 
P < 0,001 
Goodness of fit of log-linear models: 
all sites differ 
i16 = 20,89 
0,1 < P < 0,5 
site 6 = site 8 
X217 = 21 ,52 
0,1 < P < 0,5 
% viability 
75 ,2 ± 4,4 
92,8 ± 2,7 
95 ,2 ± 2,2 
99 ,2 ± 0,9 
X216 = 21,38 
0,1<P<0,5 
site 7 = site 8 
il7 = 23,74 
0,1 < P < 0,5 
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comparison), but at Goukamma, percentage viability of 
seed banks increased significantly with age since clearing (l = 20,91, P < 0,00(1) . 
Analysis using GUM on percentage germination of 
fresh A. cyclops seeds yielded two equally acceptable 
models: viz. significant differences between all sites [devi-
ance < X216' (P = 0,05)] or Goukamma and Rondevlei 
had the same percentage germination (Table 3). Similarly 
for percentage viability of fresh A. cyclops seeds two 
equally acceptable models resulted: viz. significant dif-
ferences between all sites or Buffels Bay and Rondevlei had 
the same percentage viability. 
Seedling emergence following felling in A. cyclops was 
about twice that in A. saligna (Table 4). Very few seedlings 
of either species emerged in the summer months (Novem-
ber-March) and mortality of non-phyllode seedlings was 
especially high durin§ this period. Seed banks contained 
3 650 viable seeds m - (A. cyclops) and 13 200 viable seeds 
m -2 (A. saligna) prior to clearing (Holmes et al. 1987b), 
thus in the first 6-8 months after clearing, a minimum of 
8,73% and 1,37% of the viable seed bank germinated in A. 
cyclops and A. saligna, respectively. Following an ac-
cidental summer fire at the A. saligna site, its seed bank 
decreased to 932 ± 94,1 (x ± S.E. , n=60 cores) uncharred 
seeds m -2 of which 33,3 ± 12,5% of the seeds were dead 
and a further 30,0 ± 9,5% germinated within 4 weeks (i.e. 
were non-dormant). In total, therefore, 95% of the A. 
saligna seed bank was killed by the fire. Based on the non-
dormant seed bank fraction, 280 ± 154 seedlings m-2 
would be predicted to germinate following the first rains. 
Within 6 months of the fire, 436 seedlings m -2 had emerged 
(Table 4), leaving an estimated seed bank of 185 seeds m-2 
(or 1,4% of the original seed bank). 
Discussion 
As percentage viability of A. saligna seed banks remained 
high for several years after clearing, it is probable that 
buried seeds will remain viable for long periods. The uni-
formity of A . saligna seed viability among sites may reflect 
the absence of associated seed-feeding insects in South 
Africa (van den Berg 1980) . 
Table 4 Acacia seedling emergence (mean seedlings m-2 ± SE, n = 5) at Cape Point following felling of mature 
stands in July. In February, an accidental fire swept through the A. saligna site 
A. cyclops A. saligna 
Total Phyllode New Total Phyllode New 
Month seedlings seedlings seedlings seedlings seedlings seedlings 
Sept. 232,4 0 ,4 232,4 127,2 33,6 127,2 
±53,0 ±0,4 ±53,0 ±22,8 ±6,8 ±22,8 
Nov . 118,8 33,2 65,6 75 ,2 24,0 53,6 
±17,4 ±15,4 ±21,6 ±25 ,2 ±13,2 ±1O,4 
Jan. 33 ,2 22,0 14,0 20,8 20,8 0,0 
±1O,8 ±1O,4 ±7,4 ±9,2 ±9,2 ±O,O 
Total emergence (before fire) = 180,8 
Mar. 23 ,6 16,8 6,8 10,4 10,4 0,0 
±12,4 ±9,6 ±6,8 ±7,6 ±7,6 ±O,O 
Total emergence = 318,8 
May 310,4 13,6 296,8 
±86,0 ±6,8 ±82,0 
July 179,2 40,4 139,2 
±32,8 ±13,6 ±35,6 
Total emergence (since fire) = 436,0 
'Plots disrupted by game animals 
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The low percentage emergence of A. saligna seedlings 
following clearing (1 %) is indicative of the species' high 
level of seed-coat imposed dormancy (Jeffery et al. 1988). 
Furthermore, this dormancy is readily broken by heat 
(Jones 1963; Milton & Hall 1981; Jeffery et al. 1988) as is 
illustrated by the seedling flush following the accidental 
fire: 70% of the remaining viable seed bank germinated in 6 
months following the fire . This figure is marginally higher 
than predicted by the non-dormant fraction, perhaps re-
flecting the longer germination period in the field than in 
the germination trials . The proportion of the seed bank 
killed by fire was similar to that for A. longifolia following a 
felling and burning treatment (Pieterse & Cairns 1986). 
Percentage viability of A. cyclops seed banks did not de-
crease with age, thus buried seeds may remain viable for 
long periods. The high percentage rotting of seeds from 
under some stands indicates that a large proportion may be 
damaged [e.g. by alydid bug feeding punctures (Holmes et 
al. 1987a)] and may therefore rot in the soil. The site-
inherent differences in germination and viability of fresh A. 
cyclops seeds might reflect genotypic variation, as the de-
gree of hard-seededness varies widely between localities in 
Australia (Gill 1985). Alternatively, it might be the result 
of differential exposure to sun or feeding by alydid bugs 
(Gill 1985; Holmes et al. 1987a). 
Owing to seed bank losses through germination (non-
dormant portion) and rotting (non-viable portion) , a large 
decrease in A. cyclops seed banks is predicted for the first 
year after felling, with a concomitant increase in seedbank 
viability. In the ensuing years, seed bank viability is expec-
ted to remain high, with only a gradual decline in seed den-
sity as the few non-viable seeds rot, and some seeds lose 
dormancy and germinate (Figure 1). However, the ob-
served pattern at Goukamma did not conform to all these 
predictions (Figure 1). One year after clearing, the propor- . 
tion of viable seeds in the soil was lower than that under 
standing thickets, possibly indicating pathogenic attack on 
soil-stored seeds. The seed bank decreased more than ex-
pected in the first year, probably reflecting both the low 
seed viability and the unmeasured effect of gran ivory . Six 
to 12 years after clearing, seed banks did not continue to 
decline, either indicating spatial heterogeneity in seed 
banks prior to clearing or a period before which seed-attack 
by indigenous alydid bugs occurred on A cyclops (Holmes 
et al. 1987a). Since there were no fresh inputs of A. cyclops 
after clearing, the latter effect would occur if alydids attack 
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Figure 1 The relationship between total seed bank (seeds m - 2 , n = 
60) and percentage seed viability (n = 3 batches of 50 seeds) for A. 
cyclops at Goukamma. The dashed line is the expected relationship. 
Years elapsed since clearing of stand are given for each sample. 
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Acacia cyclops seeds germinate following clearing more 
readily than those of A. saligna. Increasing the exposure 
time of A. cyclops seeds to temperatures attained at bare 
soil surfaces (viz. 60°C) enhances germination (Gill 1985). 
Since fire-simulated heat treatment does not increase seed 
germination in A. cyclops so markedly as in A. saligna 
(Jones 1963; Jeffery et al. 1988), removal of the vegetation 
cover is more likely to maximize seed loss through germina-
tion than is burning in the former species. In the first year 
after clearing A. cyclops at Buffels Bay, its viable seed bank 
decreased by 78% (Holmes et al. 1987b), of which seedling 
emergence accounted for only 9% . Contrary to Milton & 
Hall's (1981) prediction that alien Acacia seed bank decline 
would depend mostly on factors affecting germination, in 
A. cyclops pre-emergence mortality (rotting and predation) 
appears to be the more important process in the field . 
In order to markedly reduce soil-stored seed banks, 
burning is a necessary treatment for A. saligna, whereas in 
A. cyclops any treatment which removes the vegetation 
cover should maximize seed bank decline. 
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